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Five  controlled,  blinded  and  randomized  studies  were  conducted  to examine  the  efﬁcacy
of a single  topical  application  of  a combination  of  ﬁpronil,  (S)-methoprene,  eprinomectin,
and  praziquantel  (BROADLINE®, Merial)  against  induced  infestations  with  Ixodes  ticks  on
cats. Three  studies  investigated  the  efﬁcacy  against  Ixodes  ricinus  and  two  against  Ixodes
scapularis.  In each  study,  purpose-bred  cats  were  assigned  at random  to an untreated  group
or to a treated  group.  For  the  studies  using  I. ricinus,  cats  were  infested  with  50 female  ticks
and  a similar  number  of males  2 days  before  treatment  application,  and weekly  afterwards
on  between  four  and  six  occasions.  For  the  studies  using  I. scapularis,  cats were  infested
with  a total  of  50 ticks  (approximately  25  females  and  25  males)  according  to  the  same
schedule  as  for  I. ricinus.  Tick  counts  for  the  evaluation  of  efﬁcacy  were  performed  48  h  after
treatment  and  48  h after  the  subsequent  weekly  infestations.  Weekly  attachment  rates  to
untreated  cats  of  at least  29%  for  I.  ricinus  and  at least  30%  for  I. scapularis  demonstrated
consistently  that  the ticks  were  vigorous  and  that  the attachment  rates  were  adequate  for
efﬁcacy evaluation.  In the  I. ricinus  studies,  an efﬁcacy  of at least  93%  was  demonstrated  for
up to  37  days  after  the  treatment.  In the  I. scapularis  studies,  the efﬁcacy  level  was at  least
95% 30  days  after  the  treatment.  The  product  was well  tolerated  and  caused  no  adverse
reaction.
©  2014  The  Authors.  Published  by  Elsevier  B.V.  This  is an  open  access  article  under  the  CC
Y-NC-NB
. IntroductionIxodes ricinus is the most common tick species attach-
ng to companion animals in northern, central and western
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Europe (Tälleklint and Jaenson, 1998; Ogden et al., 2000;
Taylor et al., 2001; Gray, 2002; Schorn et al., 2011; Egyed
et al., 2012) and I. scapularis is amongst the main tick
species infesting cats in North America (Keirans et al., 1996;
Dryden and Payne, 2004; Blagburn and Dryden, 2000). Tick
infestations are common occurrences of dogs and cats and
are an increasing concern for pet owners, because they not
only cause local discomfort and inﬂammatory reactions to
the bite, but they also may  transmit severe animal and
human diseases such as anaplasmosis, babesiosis and Lyme
ss article under the CC BY-NC-ND license (http://creativecommons.org/
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disease (Gray, 2002; Dryden and Payne, 2004; Berrada
and Telford, 2009; Beugnet and Marié, 2009; Blagburn and
Dryden, 2000; Schorn et al., 2011; Egyed et al., 2012). Tick
prevalence, as well as transmission of tick-borne diseases,
has been increasing over the last two decades (Lindgren
et al., 2000; Beugnet and Franc, 2012; Léger et al., 2013).
Here, three I. ricinus and two I. scapularis studies,
with weekly experimental infestations were conducted,
to examine the effectiveness of a novel topical endo-
and ectoparasiticide drug for cats (Broadline®,1 Merial),
combining ﬁpronil 8.3% w/v, (S)-methoprene 10% w/v, epri-
nomectin 0.4% w/v, and praziquantel 8.3% w/v (or in one
instance a very similar formulation).
2. Materials and methods
2.1. Study design
Five blinded laboratory-based studies used an untreated
control group and randomization to avoid group bias. The
studies designs were in accordance with the “World Asso-
ciation for the Advancement of Veterinary Parasitology
(W.A.A.V.P.) guidelines for evaluating the efﬁcacy of par-
asiticides for the treatment, prevention and control of
ﬂea and tick infestation on dogs and cats” (Marchiondo
et al., 2013), and were conducted in accordance with Good
Clinical Practices as described in International Cooperation
on Harmonisation of Technical Requirements for Registra-
tion of Veterinary Medicinal Products (VICH) guideline GL9
(EMEA, 2000). All animals were managed similarly, with
due regard for their well-being and in compliance with the
Merial Ethics Committee, other local applicable regulations
and requirements, and International laws and ethics.
2.2. Animals
Between 12 and 20 healthy purpose-bred domestic
short or long hair cats (8–149 months of age, weighing
between 2 and 7.8 kg) were included in each study. None of
the cats had been treated with an ectoparasiticide within
2 months prior to the ﬁrst infestation. Cats were identiﬁed
individually and housed individually in a controlled envi-
ronment. They were observed at least once daily for general
health during the whole of each trial and were examined
by a veterinarian for suitability before the ﬁrst infestation.
They also were observed hourly four times after application
of the treatment.
2.3. Ticks
The I. ricinus ticks used were of a second or third labora-
tory generation and had been fed and grown on laboratory
rodents or other suitable hosts. The I. scapularis ticks had
been in a laboratory colony since 1991 and new ticks were
added to the colony at least annually since 2007. The ticks
had not been subjected previously to ectoparasiticide chal-
lenge and were not known to be resistant to acaricides.
1 Broadline® is a tradename of Merial.sitology 202 (2014) 59–63
2.4. Treatment
On Day 0 of each study, the treatment was  applied
once topically to each cat from the treated group, directly
on to the skin between the base of the skull and the
shoulder blades in one spot. Cats in the ﬁrst study, were
treated with 0.10 mL/kg of combination of ﬁpronil 10%
w/v, (S)-methoprene 12% w/v, eprinomectin 0.45% w/v
and praziquantel 10% w/v. However the volume adminis-
trated allowed the delivery of the same doses of ﬁpronil
as in the other four studies. Cats in the second study
against I. ricinus and both studies against I. scapularis were
treated with Broadline® at the minimum recommended
dose of 0.12 mL/kg body weight (bw), delivering 10 mg/kg
bw ﬁpronil, 12 mg/kg bw (S)-methoprene, 0.5 mg/kg bw
eprinomectin and 10 mg/kg bw praziquantel. Cats in the
third study against I. ricinus,  were treated with Broadline®
at the commercial dose, i.e., 0.3 mL  for cats weighting from
0.8 to 2.5 kg and 0.9 mL  for cats weighting from 2.5 to
7.5 kg. Two cats weighing 2.44 and 2.48 kg were treated
with 0.3 mL,  and eight cats weighing between 2.59 and
3.65 kg were treated with 0.9 mL.
2.5. Infestation
Cats were infested one or 2 days before treatment and
weekly afterwards on D-1 or D-2, D7, D14, D21, D28, D35
for I. ricinus (and up to D42 in the second study against I.
ricinus) and on D-1 or D-2, D7, D21 and D28 for I. scapu-
laris. For infestations, cats were sedated for approximately
1–3 h to allow ticks to move in the haircoat and select an
attachment site. An Elizabethan collar was sometimes used
to limit self-grooming before tick counts.
For I. ricinus,  cats were infested within their cage. Unfed
adult female I. ricinus (50 ± 2) and a similar number of
males were placed on the left chest of the sedated animal.
For I. scapularis 50 ticks (±2) (25 female and 25 male) were
used. Infestations were performed in infestation crates.
Conﬁnement in infestation crates did not exceed 4 h. After
this time cats were replaced in their cage.
2.6. Tick counts
The ticks were removed and counted approximately
48 h after treatment and approximately 48 h after the sub-
sequent weekly infestations. For tick removal and count
procedures, cats were placed on a table and sedated
when necessary, to ease the search and removal process.
Operators searched the coat thoroughly with their ﬁnger-
tips. Ticks were located visually or by ﬁngertip palpation.
Each identiﬁed tick was  removed using individual tick
extractors. To avoid cross-contamination during the tick
count procedures, individual tick extractors were used, and
gloves, protective clothing and table cloth or liner were
changed between animals.
Live or dead status was  assessed based on tick motility.
Engorgement status was also assessed where appropriate.
A tick with a conspicuous enlargement of the alloscutum,
that had blood in its digestive tract, i.e., red or dark brown
liquid, as shown by squashing of the tick on white paper,
was  categorized as engorged.
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Table  1
Tick categories and interpretation of the category according to each study (Marchiondo et al., 2007, 2013).
Category Life status Attachment status Interpretation
Study I. ricinus no. 2 and no. 3
Interpretation
Study I. ricinus no. 1; I.
scapularis no. 1 and no. 2
1
Live
Free Acaridical effect
NOT demonstrated
Attachment status not
considered: acaridical
effect NOT
demonstrated
2  Attached-unengorged Acaridical effect
NOT demonstrateda
3 Attached-engorged Acaridical effect
NOT demonstrateda
4
Dead
Free Acaridical effect demonstrated Attachment status not
considered: acaridical
effect demonstrated
5  Attached; unengorged Acaridical effecta
demonstrated
6  Attached; engorged Acaridical effecta
NOT demonstrated
a Engorged/unengorged status was not considered for efﬁcacy analysis on Day 2.
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aIn the I. scapularis studies and in the ﬁrst of the I. rici-
us studies, ticks were categorized and counted as live or
ead. In the second and third I. ricinus studies ticks were
ategorized and counted as “live free”, “live attached un-
ngorged”, “live attached engorged”, “dead free”, “dead
ttached un-engorged”, and “dead attached engorged”
Table 1). In the I. scapularis studies, dead ticks found on
he animals and dead ticks found in the infestation crates,
s well as in the cages, were counted.
.7. Data analysis
The categories of tick considered for the analyses are
ummarized in Table 1. In the ﬁrst I. ricinus study and both
. scapularis studies, live ticks in the treated group were
nterpreted as treatment failures. In the second and third I.
icinus studies, ticks in categories 1, 2, 3 and 6 (Table 1), after
ay 2, were interpreted as treatment failures (Marchiondo
t al., 2007). On Day 2, the dead attached engorged ticks
ere not interpreted as treatment failures as those ticks
ad been put on cats 2 days before treatment during which
ime they could have engorged.
The counts of live ticks and dead attached engorged
icks, when applicable, were summed up and transformed
o the natural logarithm of (count + 1) for calculation
f geometric means by treatment group at each time
oint. Percent efﬁcacy was calculated for the treated group
t every post-treatment time point using the formula
(C − T)/C] × 100, where C is the geometric mean of the
ick counts for the untreated control group and T is the
eometric mean of the tick counts for the treated group.
n all studies, log-counts of the treated group were com-
ared to the log-counts of the untreated control group
sing an F-test adjusted for the allocation blocks used to
andomize the animals to the treatment groups at each
ime point separately. For all studies, the mixed procedure
n SAS was used for the analysis, with treatment group
isted as a ﬁxed effect and the allocation blocks listed as random effect. The success of the treatment was  evalu-
ted based on a signiﬁcant difference between the treated
roup and the untreated group at the (two-sided) 5% level
fter each infestation. The threshold of 90% reduction oftick counts in treated compared to untreated dogs was  con-
sidered acceptable efﬁcacy for the tick control agents, as
recommended by Marchiondo et al. (2007).
3. Results
At all post-treatment timepoints the mean number of
ticks found on the untreated cats was  at least 14.6 I. rici-
nus (or 29% of the females used for the infestation) and
at least 15.0 I. scapularis (or 30% of the ticks used for the
infestation). These counts indicated the viability of ticks
and the achievement of an appropriate host–parasite inter-
action. Only females were used in the counts of I. ricinus
because males rarely feed and never engorge (Gray, 2002;
Marchiondo et al., 2013). No adverse event related to the
treatment was observed in any of the ﬁve studies.
At all timepoints the differences in tick counts between
the treated groups and the untreated control groups were
signiﬁcant (P ≤ 0.003 for I. scapularis and P ≤ 0.001 for I. rici-
nus). The tick engorgement status veriﬁcation, conducted
in the second and third I. ricinus studies indicated that there
were no dead attached engorged ticks 48 h after infestation
(i.e., from Day 9 onwards). As no dead engorged tick was
found the results of all studies are integrated in a single
table (Table 2).
In the ﬁrst I. ricinus study, a high level of efﬁcacy was
observed at all timepoints. Efﬁcacy was 97.2% on Day 2 and
at least 97.6% until Day 37, the last day of the study. In the
second I. ricinus study, a high level of efﬁcacy of 99.4% was
observed on Day 2, effectiveness of at least 93.1% persisted
until Day 37, and a marked treatment effect was still visible
on Day 44 with an efﬁcacy of 85.4%. In the ﬁnal study with
I. ricinus,  again a high level of efﬁcacy of 100% was observed
on Day 2, effectiveness of at least 98.5% persisted until Day
25, and a marked treatment effect was  still visible on Day 30
and Day 37 with efﬁcacies of 88.7% and 85.1%, respectively.
In the ﬁrst of the two  studies with I. scapularis,  an efﬁcacy
of 73.8% was  observed on Day 2, the effectiveness was 100%
on Day 9 and was at least 94.6% until Day 30, the last day
of the study. In the second, the efﬁcacy from Day 2 to Day
30, the last day of the study, was at least 99.3%.
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Table 2
Geometric mean tick counts, percent efﬁcacy and P-value relative to control for cats treated with Broadline® in 5 different studies against I. ricinus or I.
scapularis,  48 h post-treatment or infestation.
Study number Study day Control Treated Percent efﬁcacyb P-valuec
Number of cats Geometric meana Number of cats Geometric meana
I. ricinus no. 1
2 6 14.6 6 0.4 97.2 <.001
9  6 34.8 6 0 100 <.001
16  6 35.9 6 0.1 99.7 <.001
23  6 29.7 6 0.3 98.8 <.001
30  6 28.8 6 0.3 98.8 <.001
37  6 23.3 6 0.6 97.6 <.001
I.  ricinus no. 2
2 8 33.4 8 0.2 99.4 <.001
9  8 38.1 8 0 100 <.001
16  8 28.8 8 0.2 99.3 <.001
23  8 39.9 8 0.5 98.8 <.001
30  8 36.7 8 0.6 98.3 <.001
37  8 36.3 8 2.5 93.1 <.001
44  8 37.9 8 5.5 85.4 0.001
I.  ricinus no. 3
2 10 37.1 10 0 100 <.001
9  10 34.2 10 0.1 99.8 <.001
16  10 36.7 10 0.2 99.5 <.001
25  10 35.7 10 0.5 98.5 <.001
30  10 46.3 10 5.2 88.7 <.001
37  10 36.0 10 5.4 85.1 <.001
I.  scapularis no. 1
2 10 21.5 10 5.6 73.8 0.003
9  10 19.9 10 0 100 <.001
23  10 17.2 10 0.2 98.57 <.001
30  10 17.1 10 0.9 94.61 <.001
I.  scapularis no. 2
2 10 20.8 10 0.1 99.7 <.0001
9  10 19.8 10 0 100 <.0001
23  10 22.3 10 0.1 99.3 <.0001
30  10 15.0 10 0 100 <.0001
a Computed as the anti-logarithm of the arithmetic mean of the log-counts and then subtracting 1.
b ntrol gro
vely.
tions.Percent efﬁcacy of the treated group with respect to the untreated co
the  geometric mean of the untreated control and treated groups, respecti
c Two-sided P-value comparing the geometric mean of the two popula
4. Discussion
In these ﬁve trials, the novel ﬁpronil, (S)-methoprene,
eprinomectin, praziquantel spot-on solution for cats
applied once topically provided efﬁcient and persistent
control of I. ricinus infestations for up to 5 weeks, and of
I. scapularis infestations for at least 4 weeks. The imme-
diate and persistent efﬁcacy of one spot-on application of
the novel formulation was tested at the minimum dose in
4 studies and at the commercial dose in one studies with
no difference in the efﬁcacy, conﬁrming the suitability of
the formulation for the whole cat population regardless of
weight considerations.
The designs of the studies were slightly different, 2
of them taking into account in the calculation of efﬁ-
cacy the category of ticks dead, attached and engorged
as recommended by the guidelines (Marchiondo et al.,
2007) and the others taking into account the live sta-
tus of the ticks. The engorgement status can be difﬁcult
to evaluate. In addition, male Ixodes species do not
readily attach and do not engorge. Therefore, new guide-
lines propose to focus on live status (Marchiondo et al.,
2013).
Nowadays, relatively few ectoparasiticides for cats
having a tick claim are available (Beugnet and Franc,
2012). This new topical formulation offers a long lastingup was  computed using the formula [(C − T)/C] × 100, where C and T are
protection, especially for cats at risk of mixed infesta-
tions with other parasites, including ﬂeas, nematodes and
cestodes.
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